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Technology Profile
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MICROWAVE 7|'°E=| (Microwave heating)

Heat flow Heat flow

pl14 2111993

%I'EI-II- §|.0-“ [[I-EI- 24 O_I'l std I:II_HEI_-| ;I-g I_"'I.(Z 45GHz2 I Conventional heating Microwave heating
A2 WMSl= OMEE 2 0|25 EX2 W21 26t Slow / High Loss Direct Energy Transfer
A Med™ 7p 7|= 714 Microwave 7€

MICROWAVE IOI-EI (Microwave advantages)
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oiux| B4 EEd 44 co, M& o7 51} 2% He|d =2 88
(Energy Savings) (Modular Design) (CO, Reduction) (Sterilization) (Operational (High Efficiency)

\ Convenience)
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HEHMATY S AgE Ax 8 71E
(Advanced Materials Processing) (High-Efficiency Drying & Heating)

HE| 2| &/5=H, &2, g8, 3%

(Sintering, Sythesis, Coating) MICROWAVE
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Technology)
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t7|_E=%E ME o7l= A=t

MARAE, M2te], S, AE
(Raw materials, Ceramics, Wood)

(Air Pollutant Reduction) (Waste-to-Energy)
VOCs & 25 21X 2| (RMO) EctAg EEdl, 21X xHA=)
\ (VOCs & Odor Oxidation) (Plastic Pyrolysis, Sludge Recycling)
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él E%‘ 7|% (Core Technologies)
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(Microwave simulation technology)
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(Modular design technology)
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« Microwave +4 x4 7|=

RENTEETEN
(High-Temperature Heating)
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(Process Engineering / FA)
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Main Products
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X 4

crowave ﬂ' §|'7 I (Regenerative Microwave Oxidizer, RMO)

v

700~850°C

N MES

VOCs + O, mmmm) CO, + H,0 + HEAT

A | RYtA SR | ME| 2R | MB NI 2

£ PPM) (°C) 5= (PPM)
2000 650 400

= 2000 900 24z

ol 1000 600 80
1000 850 108t
1000 600 80

l 1000 800 FHz

Al 1000 850 2.500 g
1000 900 24z

AC 5L S&E
(Activated carbon honeycomb filter)

Microwave 4ts}7]
(Microwave
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Oxidizer)
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(Energy Savings) (Modular Design) (CO, Reduction) (Sterilization) (Operational (High Efficiency)
\ Convenience)

az=7| Mz~

64kW Honeycomb

120kW Alumina ZA=7| 64kW Honeycomb Z=7| 68kW MLCC Z4=7| 45kW Carbon ZAZ7|
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(Waste Treatment Facilities)

=25 M2

= |7

"ME| 7L ol

Z Xjal2} 4|

e

= (High temperature furnace)

"KL X] /

TN2OR

Hi 717t EelE K|

12



AIﬁE'" xl’%ﬁl' (Factory Automation)
X

"l &80 RE XS 2HS MO, PLC, UI/UX, DATA =& SE38"

A

Microwave -?—% (Microwave components)

“C}2FSF Microwave £

2kW Power-supply 1kW Power-supply 3kW Isolator 3-stub Tuner
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VOCs (Volatile Organic Compounds)
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Harber-Bosch'H Ostwald™

200atm, 500°C 10atm, 800°C

Asb Zof w2 =0y

Harber-Borch 8 €d \

- MMIH cO, HIEZO| O 1~3% ALX|
(S8 HET 7IE)
- 90ton CO,/truck
(102Hm/'d 7|Z, H| B 24 B 5 )
- 2/0% 3EoE Mo o{HZ
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% E}E O I'(Plasma)

Solid Liquid Gas sa
,.,:__ (6’?;9} o [ N / > @

a?e 3 ) o 9 o

9% 0% a2 0 . o

Ice Water Steam lonized gas
T <0C 0°C < T<100°C 100°C<T 100000°C < T
H,0 H,O0 H,O H, > H* + H* + 2e

LOW 25 = oYX HIG

e o o o o o o o o o -

~

Simalnint Zapxnp -7

Sct=01 (Plasma) : O|23tEl 7|2 X}, 0|2, 54 7|8 =X S22 O|F0{H.

=X B SEI0|M O|LX| S BoF ZXH0IM ZXO|M FE|=[= HES siE'Etd ShEM,

QHEI ?_:lkl'OE AHL‘|E| I-]xl- OI:OIQ ol EI_EI |=

= 25 gdto] Sck=0rEtn 85,
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%*o-l -JF(PIasma Activated Water)

Air (N, and O,)

Plasma

Water evaporation

2 EELZ(RNS)

H,0*

0,

|
L
Sot=0;
A
Gas phase
4
7y
Bubbling
water
A 4
A
Bulk liquid
A 4
HYBUE T4

N\

Short-lived species

Hydroxyl radicals OH- : 1ns

Nitric oxide NO- : seconds
Superoxides O, : 1.5 seconds
Peroxynitrate OONO, : < 1 seconds
Peroxynitrites OONO- : < 1 seconds

N\
Long-lived species
Nitrates NO; : years
Nitrites NO, : days
Hydrogen peroxide H,0, : hours
Ozone Oj; : minutes

Mass transfer of bubbles

Transfer into liquid phase

Plasma Activated Water
(PAW)
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Microwave %El‘ﬁﬂl- x'l E| 'CT',— hé." (Microwave PIasma)

X ‘4 of| LA x|

EHLE, 29 5

&1 o

24432 5(RNS

Bubble generator
I I Water flow

<

Microwave
plasma
generator

Microwave =

Bubble 7}A 2

o022 MM El =}

S8,
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Microwave %E}EU} *E'|H| 0"*' (Microwave Plasma Reactor)

NO;
S KHEF
. = 1 -
Microwave
Plasma =~
Reactor
OFOH
o
x —t sl
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Microwave Plasma H| & 1} (Mw Plasma Fertilizer Effects)

4L, 12min

Crystal Violet A|2f
PH H3} =9l

Plasma X2| H

Power : 800w

Plasma X 2] —":"—/

h Control e PAW-30 (9 days) = PAW-30 (9 days) =
TW(60 days) . .Then TW (51 days) Then TW (51 days)
TN

e P10
Control PAW-30 (9 days) PAW-30 (9 d
— TW(60 days) Then TW (51 daYS)_Then W ((51 g;/;i)
E =

MUE M2 = 60U ZHE (a) EOLE L (b) amy

Xt& : RSC Advances (2017)

UZME FAMB|A}

Ag ug =3
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EI' 'gg:-'-l'g-l I:IIJ._I'_ (Comparison VS others)

DBD : Dielectric Barrier Discharge
GA : Gliding Arc

MW : Microwave

Spark : Spark discharge

Jet : Jet plasma

Glow : Glow discharge

B-E : Birkeland-Eyde process

<+— Harber-Borch

— F & GA
@) ;

€ ! |O MW |
= i % Spark
2 10°F % v Jet
z : * e A  Glow
= < x O B-E
€ 10'F XA O o

) : O

5 [ R %O@

%) eH-B +O process &

> 100 | \

e) :CZZIZZ":'IIZ:ZIZZZZIZZIZIZZIZZ:IZIZIIIIZIZIIZI
:Cj : M H Bproceés

10—1 el PR o Sl o el ] R s

102 10° 10 10°

NO, concentration (ppm)

* Electrifying Nitrogen Fixation: Plasma-Driven NOx Synthesis for Sustainable Fertilizer Production; JACS Au 2025, 5, 5888-5907

Microwave Plasma 2f&10| O X| AH

Harber-Borch®0j| 28 = A= &

| SEOIA
2ot CHRHY.
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o—']'*'" HIEQ-I 7o:|x'"*o-I 'FII:*—-! (Economic Analysis of Liquid Fertilizers)

Technology 7= 24 (H/B + Ostwald)

0| 4 X] H| £ (OPEX) oF $150 ~ $300

SEC (MJ/mol-N) 05~0.8

OF

XN ERH| °F $100 ~ $200

Ho

Z7| dH| EXIH| (CAPEX) 5,0002 ~ 1X O|A

MW Set=0F (XY L] A8 Al)

oF $350 ~ $500
20 ~ 3.7
$0

2,0002F ~ 1 0]d}

$0 (RHAOf LA X| AFE Al)

EtA N8 H|E LM (ET 2F $50~100)
= MA 2171 (ED OF $350 ~ $650

°F $400 ~ $600

+  Ammonia Technology Roadmap, IEA, 2021.
Innovation Outlook: Renewable Ammonia, IRENA, 2022.
» Ammonia: zero-carbon fertiliser, fuel and energy store, The Royal Society, 2020

2YH| 2(0PEX) SH(T122 ZAA)oIM= H/B7t |EIStLE, CAPEXE MW
=M AO|E (HEY ADIEHE, =4XHl, X|Y 57t §)0l= Mw Z2t=047} “x| X MEdX|”

Sct=0 =X
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OH*-"H'E AI X 'l I' (Liquid Fertilizers Market)

o )

. CAGR 4, 57%
(2024-2034)

Market Size in USD Billion

277.IIIIII

2023 2024 2025 2026 2027 2028 2029 2030 2031 2032

2023 »
2.77 USD billion (27.79 &2{) —

Source : FORTUNE Business insights

2032
41.3 USD billion (412.4% E2])
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MW Plasma | A| 2ozt 2008 715)

HZE e Z Ton)
=|F=

/BIE(H)
kwhit 24 DE2 20g-N/kwh 1) ezt 2 XE 1,180,000 1)
QHH| A A2F (3] 47| =) 134 L/kwh 2) A2t Hl= Foid 2 2,600,000 2)
U 2k 1,600 ~ 2,000 L 3) 27t 9 JHK| 9,500,000 & 3)
e A 240 ~ 300 g-N 4) At =0|Y(HLY+BL-2F) 10,920,000% 4)
= =At2|==7[ZHROI)
I X 242k ~ Tl
Qo M2 12 ~ 15 kwh 5) T-EEEDIEQ 2.4 5)
M7l 2= (¥) 720 ~ 900¢! 6) F A=l 4=7|ZHROI) 1214
Bxg st . ©)
OIHIE| 7| 2 Q|EHK 2| EHy & =
= 7= RIS AT 250,000/ Ton DRI - Tkw x 3000A7 x 602 - 189t8 + £ 2 EH|- 10002
2) EH|E ChH = 1802+ + PH =EA|(R4h FOHH| = 807+
Azt = 0|9 142,500,000 8) 3 TS B8 547 30% B = 2002t + & 15% T4 = 7500t
4) 2)+3)-1)
5) AOIET |CT §23 gAY BEX2 (50%, SXt 30%, XHEE 20% 7|=)

SEC 2.5MJ/mon-N 7|Z& (1kW Microwave Plasma AHZ)

Zot=0t 2|AEHO| 55N 5= 1,500ppm(Y A x 108] &M 7|=
2008 12 E7|, EOLE XHHY 7|&

150ppm &= FX| Al (kwhS 24 2HY

Tkw 2|AH 7t& Al SHF 12~15A|12F S ER

SAE =) 60&-/kwh 7|FE

o1 3000412t 7HE (LR 82AI17h -l-_g ﬂ- 2 lﬂ OI LH

RO I (Return on Investment)

~Nourhwmn =
—_—_— =

ecial Microwave High-technology Engineering
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Homepage : https://microwave-si.com

E-mail : sunil@microwave-si.com

M3} : 043 - 236 -3054  Fax : 043 — 236 -3024
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